Rammed earth (RE) is a venerable construction technique, gaining attention today due to its environmental and sustainable qualities. A key obstacle to its wider adoption is a lack of strength characterisation methods to aid in design and conservation. Research over the past decade has demonstrated that suction is the key mechanism behind strength and strength gain. As suction changes with the building's environment, being able to predict strength changes with suction is essential for practitioners and conservators alike. This paper presents a method for predicting RE strengths based on the Extended Mohr Coulomb (EMC) framework. Construction of an EMC failure envelope in the residual suction range is discussed and the use of a planar envelope justified. Unconfined compression and indirect tensile tests on two RE soils are used to construct this envelope and methods to predict strengths from it are derived. Excellent agreement between measured and predicted strengths is also found for available literature data. Simplifications are identified to adapt the developed technique to suit RE practice and a suitable experimental procedure is outlined. Finally, the revised experimental procedure is employed at an existing RE construction facility to successfully predict strengths of a compacted Californian sandy loam.
Introduction 1
Although the ancient practice of rammed earth (RE) has been demonstrably 2 successful for millennia, the global renaissance of this venerable technique, which 3 is currently underway across the globe, has been hampered by the imposition of 4 engineering standards that are more appropriate to reinforced concrete. In order 5 to secure building code compliance, RE practitioners find themselves required 6 to attain compressive strengths for their installed wall systems (e.g. NZS 4297, 7 Walker and Standards Australia (2002) ) that are usually beyond those achievable 8 for soil-based masonry unless Portland cement or other CO 2 generating stabilizers 9 are used to augment the clay-based aggregates.
10
Clearly, history demonstrates durability for RE that contradicts the strength 11 requirements currently mandated. The RE industry, albeit a small fraction of 12 the more conventional cement-based masonry industry, can benefit from a set of 13 testing protocols that will establish a new set of limits (or standards) from which 14 the testing and permitting agencies can align with the practitioners. Given that 15 unstabilised RE is far more susceptible to strength loss at saturation than sta- 
Materials

34
Site soils can be highly variable and so are inconvenient for laboratory inves-35 tigations. Instead, 'engineered' soils, manufactured from known quantities of raw 36 materials, were used in this study to guarantee mineralogical and grading con-37 sistency. Soils used in this investigation were selected to represent the range of 38 materials used for RE construction around the world are listed in Table 1 
where R u is the universal gas constant (8. 
where P is the applied compressive load and R and L are the specimen radius 
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Drying retention properties were determined using a combination of filter paper rameter, χ, to modify the existing pore water pressure term:
where u a and u w are the pore air and water pressures respectively. 
where c is the effective cohesion, φ is the effective friction angle and tan φ b 
where can be simplified by assuming θ res = 0 so that Θ = S r , i.e.
Depending on the expression used for the SWRC (e.g. Eqn 5),
dψ in Eqn 9 can 184 be quite complex. However, assuming a linear SWRC in the residual suction range to a constant value. As
small, S r (ψ) κ is also nominally constant. Therefore, in the residual suction range,
187
we assumed φ b to be constant and so the failure envelope to be planar.
188 Table 2 : EMC parameters determined for RE soils Mohr's circles for UCS tests were drawn assuming that σ 2 = σ 3 = 0 and σ 1 = σ c .
194
ITS Mohr's circles were drawn assuming σ 2 = 0, σ 3 = σ t and σ 1 = −3σ t (noting Eqn 10 is similar to that proposed by Panayiotopoulos (1996) to find UCS using the generalised effective stress approach, however it maintains a clear distinc- Soil 4-5-1, <ITS limit Soil 4-5-1, >ITS limit Soil 2-7-1, <ITS limit Soil 2-7-1, >ITS limit Line of equality useful to RE industry, the EMC method discussed above can be simplified in three 264 key areas: i) tangential plane selection; ii) plane fitting; iii) testing equipment. Furthermore, the ITS 'discs' used here are not commonly encountered in prac-304 tice. Cylinders of the same dimensions used for UCS testing can be substituted 305 for the discs; σ t is given by Eqn 2 as before. Soil 4-5-1, <ITS limit Soil 4-5-1, >ITS limit Soil 2-7-1, <ITS limit Soil 2-7-1, >ITS limit Line of equality 3. Identify suitable salt solutions for this suction range (Table 5) . 6. Test specimens for UCS or ITS using methods described in this paper. UCS 319 or ITS is the average of the three specimen strengths. To test the procedure's ability to successfully predict strength across the suc-338 tion range, a failure plane was fitted to ITS results and UCS results at low suction 339 only (i.e. using only three of the four 'corners' to define the plane). UCS and
340
ITS results and the best-fitted failure plane to the selected Mohr's circles (using 341 circle maxima) are shown in Figure 13 . EMC parameters are given in Table 6 ; 342 c , φ * and φ B values were similar to equivalent parameter values found for Soils 343 4-5-1 and 2-7-1, likely due to the similar soil textures, densities and suction range.
344
Agreement between the two indicated that the simplified procedure was able to 
